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Remarks 

Overview 

In the non-final Office Action under reply, claims 23-28 and 61-62 were examined, 
claims 1-22 and 29-60 having been withdrawn as directed to non-elected subject matter. 
Applicants acknowledge with appreciation the Examiner's withdrawal of the obviousness-type 
double patenting rejection of claims 23-28, as well as the rejection under 35 U.S.C. § 102(a) or § 
102(e) of claims 23-28, as well as the rejection under 35 U.S.C. § 103(a) of claim 26 as set forth 
in the previous Office Action dated March 9, 2007. 

Claims 23-28, 61, and 62 have been rejected under 35 U.S.C. §103(a) as unpatentable 
over by Matyjaszewski et al., USPN 6,627,314 ("Matyjaszewski") in view of Milstein, USPN 
5,820,881 ("Milstein"). The rejection is traversed for at least the reasons set forth below. 

Rejection under 35 U.S.C. §1 03(a) 

Claims 23-28, 61, and 62 stand rejected under 35 U.S.C. §103(a) as unpatentable over by 
Matyjaszewski in view of Milstein. This rejection is traversed. 

The teachings of Matyjaszewski have been discussed previously. See applicants' remarks 

set forth in the response dated September 10, 2007, which are incorporated herein by reference. 

In summary, Matyjaszewski is directed at the preparation of nanocomposite structures (see, for 

example, the title of Matyjaszewski). Accordingly, Matyjaszewski is directed entirely to the 

preparation of nanoscale materials. The nanoscale materials of Matyjaszewski are prepared using 

a controlled/living polymerization process, wherein initiation of the polymerization occurs from 

initiator sites disposed on an inorganic colloid (Matyjaszewski at col. 1, lines 16-19). 

Matyjaszewski provides no disclosure that would guide the skilled artisan in preparing the 

presently-claimed materials. The Action states: 

It would be prime facie obvious to a person of ordinary skill in the art at the time of the invention 
to make or use larger microparticles than those exemplified in Maty, especially if the microspheres 
were designed for drug delivery. The motivation comes from Milstein, who teaches that particles 
from 0.2 microns to 10 microns are most suitable for drug delivery. This substantially overlaps 
instant claims, which require, in their most limited aspect (claim 61) a size between 3 and 10 
microns. 

(Action at 3.) Applicants disagree. 

First, applicants note that Milstein discloses diamide-dicarboxylic acid microspheres (see, 
for example, Milstein at col. 2, lines 17-18). The microshperes disclosed in Milstein are prepared 
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using chemistry that differs dramatically from the procedures used in Matyjaszewski. The 
diamide-dicarboxylic acid microspheres of Milstein are prepared by a two step process: (A) 
solubilizing a diamide-dicarboxylic acid to yield a first solution; and (B) contacting the first 
solution with a precipitator solution in which the diamide-dicarboxylic acid is insoluble (see 
Milstein at col. 2, lines 47-52). Additional synthetic information for preparing the microspheres 
is presented in cols. 5-6 of Milstein. In general, the microspheres are prepared using a self- 
assembly mechanism (see, for example, Milstein at col. 5, lines 56-57, or col. 6, lines 2-3, or col. 
6, lines 14-15). The microspheres of Milstein do not involve polymerization reactions of any 
type, and particularly do not involve the radical-type polymerization mechanisms described in 
Matyjaszewski. In fact, Milstein mentions polymerization only twice: (1) in the Background 
section to describe prior art (Milstein at col. 1, lines 57-59); and (2) in Example 19, where 
polymerization is carried out to allow the microspheres to be imaged by TEM (Milstein at col. 
17, lines 23-32). 

In light of the significant differences between the chemical processes disclosed in 
Matyjaszewski and in Milstein, the skilled artisan would not look to Milstein when seeking to 
modify the nanoparticles disclosed in Matyjaszewski. The single experimental reference in 
Milstein to polymerization of microparticles (i.e., Milstein's Example 19) relates to preparing 
pre-formed microparticles for analytical measurement, not to actually forming the microparticles 
using a polymerization reaction. Furthermore, Milstein makes no reference whatsoever to 
controlled polymerizations, polymerizations from surface-tethered initiator sites, or radical 
polymerizations, which are the subject of Matyjaszewski. In essence, apart from the broad 
concept of "making particles," the methods of Milstein have no relationship whatsoever to the 
methods of Matyjaszewski. One of skill in the art would find no motivation in Matyjaszewski to 
consult Milstein, nor would the skilled artisan find motivation in Milstein to consult 
Matyjaszewski. 

Even if, arguendo, the skilled artisan looked to Milstein for motivation to prepare 

particles larger than those disclosed in Matyjaszewski, Milstein provides no teachings that would 

help the skilled artisan overcome the significant technological problems that would be 

encountered in such an endeavor. The Action states: 

To the extent that Maty only specifically teaches particle sizes up to 1 micron, note that in the art 
of making microscopic particles, the technical challenges are associated with decreasing, not 
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increasing, the particle size. Thus the artisan would enjoy a reasonable expectation of success at 
making particles like those of Maty but with a larger diameter. 

(Action at pp. 3-4.) Applicants respectfully disagree. While it may be true that miniaturization of 

many processes is more difficult than enlarging such processes, this is not necessarily true for the 

preparation of microparticles and nanoparticles. In fact, the difficulties encountered in making 

nanoparticles are quite different from those encountered in making microparticles, and a process 

that works well for one may require significant modification in order to work well for the other. 

For example, it is well known that larger particles have a proportionately smaller amount 
of atoms located at the particle surface compared with smaller particles. (See, for example, page 
429 of Fendler et al., Nanoparticles and Nanostructured Films. Wiley, NY (1999), pp 429-461, 
attached hereto as Appendix A.) This is a crucial consideration for enlarging the processes 
disclosed in Matyjaszewski, since Matyjaszewski prepares particles by initiating polymerization 
reactions on the surface of core particles. A larger core particle has relatively fewer initiator sites 
compared with the amount of material forming the internal portion of the core particle. In fact, it 
is a great challenge to obtain significant polymer density on the surface of microparticle 
scaffolds, because (1) a large number of initiator sites must be present on the surface of the 
microparticle, and (2) a large percentage of such initiator sites must actually initiate 
polymerization. If any appreciable areas of the microparticle surface do not have initiator sites, 
or if any appreciable percentage of initiator sites do not initiate polymerization, the microparticle 
will have areas of the surface that are not covered by polymer. In contrast, nanoparticles may 
have thick and relatively uniform polymer shells even when few surface-bound initiator sites are 
present and/or initiate polymerization. Growing polymers from surface initiator sites to form 
polymer shells on particles (the so-called "grafting-from" method) therefore increases in 
difficulty as the size of the particle increases. Matyjaszewski addresses none of these issues, and 
even if one of skill in the art found motivation to prepare microparticles from the disclosure of 
Matyjaszewski or Milstein, the skilled artisan would have no expectation of success because 
Milstein provides no disclosure that would help the skilled artisan overcome these difficulties. 

The traditionally-held view that miniaturization of a process is more difficult than 
enlarging the same process is frequently correct for macroscopic processes. The nanometer-scale 
processes disclosed by Matyjaszewski, however, operate essentially on the molecular level. The 
"grafted-from" type of polymerizations that occur on the colloidal particles of Matyjaszewski 
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require specific control of surface atoms on the particles. Enlarging a process that occurs on the 
molecular level cannot be assumed prima facie obvious any more than one would consider it 
prima facie obvious to convert a macroscopic process to a molecular level process. 

The MPEP provides the standard required for a prima facie case of obviousness: "the 
examiner must provide evidence which as a whole shows that the legal determination sought to 
be proved (i.e., the reference teachings establish a prima facie case of obviousness) is more 
probable than not." (MPEP § 2142.) The processes taught in Matyjaszewski and those taught in 
Milstein are both related to "making particles." There the similarities end between these 
references, and the processes neither combine nor supplement each other to arrive at the methods 
of the pending claims. Furthermore, the significant difficulties that the skilled artisan would 
encounter in attempting to modify the teachings of Matyjaszewski to arrive at the methods of the 
instant claims are neither discussed nor overcome by the teachings of the cited references. 
Accordingly, there is not a preponderance of evidence to support the conclusion that the instant 
claims are prima facie obvious over the references. Withdrawal of the rejection is respectfully 
requested. 
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Conclusion 

Applicants submit that the claims of the application are in condition for allowance. 
Applicants respectfully request withdrawal of the rejections, and prompt issuance of a notice of 
allowance. If the Examiner has any questions concerning this communication, or would like to 
discuss the application, the art, or other pertinent matters, a telephone call to the undersigned 
would be welcomed. 



Respectfully submitted, 



By: 




Isaac M. Rutenberg 
Registration No. 57,419 
c/o MINTZ LEVIN 
1400 Page Mill Road 
Palo Alto, California 94304-1 124 
(650) 251-7700 Telephone 
650) 25 1-7739 Facsimile 
Customer No. 23980 
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Fendler et al., Nanoparticles and Nanostructured Films. Wiley, NY (1999), pp 429-461 . 
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Chapter 18 

Nanoparticles and Nanostructured Films: Current 
Accomphshments and Future Prospects 



/ H. Fendler and Y. Tian 



18.1 Introduction 
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nanoparticle surface. In metallic nanoparticles, a large surface-area-to-volume ratio 
permits effective charge transfer and elicits charge-transfer-dependent changes in 
the optical absorption spectra [11]. It is becoming increasingly recognized that the 
properties of nanoparticles are strongly influenced by the physics and chemistry of 
their surface states. The surface states, in turn, are affected by the crystal morphol- 
ogy of the nanoparticles, by the chemicals attached to them (capping reagents, for 
example [12]), and by the media which surround them [13]. 

Nanoparticle research has reached a well-deserved maturity. Ample summaries, 
reviews, and books document the accumulated information [14, 15]. Nanoparticle 
research continues to be the subject of national and international symposia and 
workshops [16]. The current state of the art activities focus upon treating nano- 
particles as large macromolecules and linking them, by electrostatic interactions or 
covalent bonds, into heterostructured supramolecules, two-dimensional arrays, or 
three dimensional networks. Alternatively, and additionally, nanoparticles are 
being self-assembled to hierarchically more complex structures [17]. The integration 
of nanoparticles into nanostructured films has, in fact, been reflected in many of the 
chapters assembled in the present volume. 

The goals of the present closing chapter are (i) to summarize the current activities 
in nanoparticle preparations, (ii) to enable the neophyte to launch desired experi- 
ments by providing data on the properties of the most frequently used bulk semi- 
conductors and on the preparation and characterization of the corresponding 
nanoparticles, and (iii) to speculate on future research directions related to nano- 
particles and nanostructured films. 



18.2 Preparations of Nanoparticles and Nanostructured 
Films: Current State of the Art 



18.2.1 Definitions 

Strictly speaking, nanoparticles are uniformly constituted from identical atoms or 
molecules, nonagglomerated and monodisperse in some liquid. In reality, they often 
agglomerate into larger irregular entities and are rarely monodispersed. Chemically 
prepared nanoparticles seldom have uniform purity. Furthermore, nanoparticles are 
stabilized by surfactants or large polyions or are embedded in some matrix. This, 
inevitably, alters their surface states. 

Deposition or transfer of the nanoparticles to solid support results in the for- 
mation of nanoparticulate (nanostructured) films in which the thickness, the pack- 
ing density, and the orientation of the nanoparticles are potentially controllable. 
Nanoparticulate films are interesting since they are size quantized even though the 
individual nanoparticles are in physical contact with each other. Thus, lateral con- 
ductivity becomes measurable in nanostructured films prepared from conducting or 
semiconducting materials. 

n 
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18.2.2 Chemical Preparations of Nanoparticles 
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Nanoparticle precursor ions can be selectively attracted to, and hence nano- 
particles can be grown at, the inner or the outer surfaces of surfactant vesicles [103]. 
This arrangement has permitted the demonstration of vectorial photoelectron 
transfer in surfactant vesicles [103]. Similarly, nanoparticles have been prepared at 
one or both sides of bilayer lipid membranes [102]. 

Hydrophilic cavities in channel proteins provide a suitably confined space for 
nanoparticle generation. Cadmium and zinc sulfides have been formed, for exam- 
ple, within the cavity of a channel protein by a simple process in which a closely 
packed monolayer of the channel protein is formed on a neutral subphase, transported 
to a cadmium-chloride-containing subphase, transferred to a slide by Langmuir- 
Blodgett transfer, and exposed to hydrogen sulfide [62]. The size of the cluster 
formed is limited by the small number of ions capable of assimilation into the 
channel and, because each group of ions is compartmentalized, there is no possi- 
bility of spontaneous aggregation to produce macroscopic particulates inside of the 
protein channel. 

Semiconducting, metallic, and magnetic nanoparticulate films have been grown 
under monolayers whose aqueous subphase contained the appropriate precursor 
ions (Cd 2+ , Ag+, Fe 2+ /Fe 3+ , for example) upon exposure to gaseous precursors 
(H 2 S, formaldehyde, for example) [5, 105]. Silver ions, attached to negatively 
charged monolayers have also been reduced by in situ electrolysis [6, 105]. 

Advantage has also been taken of the hydrophilic interlayers of Langmuir- 
Blodgett films to incorporate or in situ generate nanoparticles [106-109]. Formation 
of CdS nanoparticles in cadmium arachidate Langmuir-Blodgett films has been 
monitored by an electrochemical quartz crystal microbalance (EQCM) and ab- 
sorption spectrophotometry [106], The formation of CdS nanoparticles was con- 
sistent with that expected for the quantitative conversion of Cd 2+ ions in the films 
to CdS and the corresponding conversion of CdAr to arachidic acid. Subsequent 
reexposure of the film to H 2 S increased the mole fraction of CdS in the film. 
Indeed, exposing a cadmium stearate Langmuir-Blodgett (LB) film to H 2 S, then 
immersion in aqueous CdCl 2 was found to regenerate the cadmium stearate multi- 
layer without the escape of CdS and the repetition of sulfidation-intercalation 
cycles allowed the size-quantized CdS to grow in a stepwise fashion within the 
hydrophilic interlayers [106]. This approach opens the door to the formation of 
nanoparticles in controllable thickness. 

Polar liquids selectively adsorbed at solid interfaces from binary apolar-polar 
liquids have been shown to provide a suitable nanoreactor for the generation of 
nanoparticles [28]. Precise information on the volume of the nanoreactor, in a given 
system, can be obtained by the determination of excess adsorption isotherms. Thus, 
for example, in silica particle dispersions in ethanol-cyclohexane and in methanol- 
cyclohexane binary mixtures 0.5-5.0 nm-thick alcohol-rich adsorption layers have 
been shown to form at the silica-particle interface. This alcohol nanolayer has been 
used for the generation of controlled-sized CdS and ZnS particles [28]. 

A large variety of different nanoparticles have been prepared in the cavities 
provided by porous glasses, membranes, and zeolites [30, 74]. The current trend 
is to alter the pore sizes and chemical composition by derivatization or chemical 
synthesis. 
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• Composite and core-shell types nanoparticles can now be routinely prepared. 

Depending on the method of preparation, it is quite possible to vary the composi- 
tion of composite nanoparticles. H 2 S exposure of a monolayer floating on a mix- 
ture of aqueous cadmium nitrate and zinc nitrate solutions, for example, leads to the 
formation of composite CdS^ZnSi^ nanoparticulate films [105]. The ratio of CdS 
to ZnS in the mixed nanoparticulate films could be varied by changing the ratio of 
the precursor ions in the subphase. A similar approach was used in forming mixed 
MnS^ZnSi-x nanoparticulates in reversed micelles [117]. 

Sequential generation of two (or more) different nanoparticles results in the for- 
mation of core-shell-type structures [105, 118]. By paying careful attention to the 
different parameters (the order, the amount, and the rate of precursor introduction) 
it is quite feasible to achieve a fine level of thickness control of the different layers 
(core and shell, for example). Due attention has to be paid, however, to the solu- 
bility products of the nanoparticles. For example, the larger solubility product of 
ZnS than PbS permits the replacement of lead ions by zinc ions upon the immersion 
of PbS nanoparticles into an aqueous zinc ion solution. Conversely, because of 
their solubility products, lead ions cannot replace zinc ions in ZnS. Introduction of 
zinc ions into PbS is tantamount, of course, to doping. The extent of doping can be 
controlled, at least to some extent, by varying the time of exposure of the semi- 
conductor nanoparticles to the dopant ions. 

Sandwich layers of PbS and ZnS nanoparticulate films have been prepared under 
monolayers [105]. The method involved the following steps: (i) formation of the 
PbS nanoparticulate film by exposing a monolayer (floating on aqueous Pb(N03)2 
subphase) to H2S, (ii) exchanging the aqueous Pb(N03)2 subphase to aqueous 
Zn(NC>3)2 subphase without perturbing the monolayer-supported PbS nano- 
particulate films, and (iii) formation of the ZnS nanoparticulate film by exposing 
a monolayer-supported PbS (floating on aqueous Zn(N0 3 ) 2 subphase) to H 2 S. 

Core-shell-type (CdS)CdSe (or(CdSe)CdS) nanoparticles have been prepared by 
the sequential introduction of different amounts of H 2 S and H 2 Se (or H 2 Se and 
H 2 S) into aqueous Cd(C104)2 solutions containing (NaPC>3)6 [118]. Conditions in 
these experiments were adjusted (by adding excess cadmium and hydroxide ions) 
for the maximization of exci tonic fluorescence. Two emission bands were observed 
in the coupled and in the core-shell-type mixed semiconductor nanoparticles. The 
first one, centered around 470 ran, was attributed to the ls(e)-ls(h) excitonic emis- 
sion of CdS. The second, centered around 560 nm, was proposed to arise from 
charge transfer of CdS to core-shell-type (CdS)CdSe (or (CdSe)CdS) nanoparticles 
[118]. 

• Chemists have learned to treat nanoparticles as large macromolecules and to 
link them, by electrostatic interactions or covalent bonds, into heterostructured 
supramolecules, two-dimensional arrays, or three-dimensional networks. 

The recognition that nanoparticles can be derivatized and treated like any other 
molecule is a major development in our quest for the full exploitation of chemistry-; 
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The method of self-assembly is extremely versatile. Sandwich units can be layered 
in any order for a variety of different nanoparticles. Furthermore, elimination of 
the polyelectrolyte layers by burning leads to ultrathin films in which the nano- 
particles are arranged in a three-dimensional network with controllable interparticle 
distances. Such films are, of course, extremely useful for many practical applica- 
tions. For example, the self-assembly of monodisperse gold and silver colloid par- 
ticles into monolayers on polymer-coated substrates yields macroscopic surfaces 
that are highly active for surface-enhanced Raman scattering (SERS) [151] and 
optically nonlinear materials [152]. 

Spreading surfactant-stabilized nanoparticles on aqueous solutions in a Langmuir 
trough and transferring them to solid substrates by the Langmuir-Blodgett tech- 
nique provide an alternative approach to superlattice construction [153, 154]. The 
technique can be regarded as analogous to monolayer formation from simple sur- 
factants. There are many intrinsic benefits to this method. That the particles are 
prepared prior to their incorporation into the films enables their dimensions and 
physical properties and the particle size distribution to be precisely controlled. 
Spreading the particles in a Langmuir trough provides a means for defining the 
interparticle distances and facilitates subsequent transfer of the particulate films to 
a wide range of solid substrates by using standard Langmuir-Blodgett (LB) tech- 
niques. This may be contrasted with deposition techniques, where the quality of the 
film is highly dependent on the solid substrate itself. Thus, in essence, this method is 
highly versatile, facilitating film construction from a diverse range of materials and 
substrates; it is also extremely simple experimentally. Additionally, it is quite pos- 
sible to affect the layer-by-layer transfer of different nanoparticles and thus form a 
composite three-dimensional structure. 

Surfactant-coated' cadmium sulfide [153, 154], Ti0 2 [155], the magnetic iron 
oxide magnetite Fe 3 0 4 [156], ferroelectric barium titanate [150], lead zirconium 
titanate [157], Pt [158], Pd [158], and Ag [159, 160] nanoparticles have been pre- 
pared to date in our laboratories by this Langmuir monolayer LB-film technique. 
In all cases, particulate films were spread on water in a Langmuir trough by dispers- 
ing solution aliquots from a Hamilton syringe. Physical properties of the mono- 
particulate films were characterized, in situ, on the water surface and subsequently 
transferred to solid substrates, by using a range of physical techniques. The struc- 
tures of the films on the water subphase were examined on the micrometer scale by 
Brewster-angle microscopy (BAM) and at higher magnifications by transmission 
electron microscopy (TEM). Absorption spectroscopy and steady state fluores- 
cence spectroscopy were applied where appropriate, and reflectivity measurements 
permitted the estimation of film thicknesses on water surfaces. Standard tech- 
niques were applied for the LB transfer. The surfactant coating of the nanoparti- 
cles can, of course, be burned off to produce the desired ultrathin nanoparticulate 
film. 

The construction of nanoparticle arrays and nanostructured films is summarized 
in Table 18.8. 
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18.3 Properties of Bulk Semiconductors and Semiconductor 
Nanoparticles Compared and Contrasted 

The structural, optical, and electronic properties of intrinsic bulk CdS, CdSe, ZnS, 
ZnSe, PbS, Ti0 2 , GaAs, Ge, and Si semiconductors are summarized in Table 18 9 
These properties are not expected to change for a given semiconductor with changes 
in size or shape. In contrast, both the optical and the electronic behaviors of semi- 
conductor nanoparticles are distinctly size dependent. In fact, the major advantage 
of using semiconductor nanoparticles is that the optoelectronic properties can be 
tailored quite simply by size alteration without changing the chemical composition 
of the material. This behavior spectacularly manifests itself in size-dependent color 
changes. The black bulk PbS can be made, for example, red, yellow, and even col- 
orless if prepared as progressively smaller- and smaller-diameter nanoparticles The 
practical relevance of size-quantized semiconductor particles is that upon photo- 
excitation the undesirable electron-hole recombination diminishes since the smaller 
the particle the larger the surface-area-to-volume ratio, and hence the ease of elec- 
tron transfer to surface-bound acceptors or donors. That the size quantization de- 
creases the absorption edge and hence increases the required excitation energy is 
another matter. 

A related, and often forgotten, issue is that for size-quantized particles morpho- 
logical changes often influence electrical and optoelectrical behavior. For example 
the differences in morphology between equilateral-triangular PbS (PbS-I) right- 
angle-tnangular PbS (PbS-II), both epitaxially grown under monolayers (prepared 
from AA:ODA = 1:0 and AA:ODA= 1:1), and disk-shaped PbS (PbS-III non- 
epitaxially grown under monolayers, prepared from hexadecylphosphonic 'acid) 
manifested themselves in different spectroelectrochemical behavior [85]. Specifically' 
marked differences were observed in the potential-dependent absorption spectra 
of PbS-I, PbS-II, and PbS-III. Biasing the epitaxially grown PbS-I and PbS-II 
nanoparticulate films to negative potentials (from 0.5 V to -1.1 V) increased the 
intensity of absorption in the ultraviolet region. In contrast, no change in the 
absorption at wavelengths longer than 700 nm was observed in the nonepitaxially 
grown PbS nanoparticulate film on changing the potential from 0 to -1.5 V. 
Absorption spectra of the optically transparent conductive glass (i.e., the control) 
remained unaltered upon biasing the potential between +0.5 and -1.5 V The near- 
infrared absorption is likely to correspond to the spectrum of trapped charge 
earners. Increase of this absorption resulted from the accumulation of trapped 
conduction band electrons at negative bias potentials in PbS-I and PbS-II Indeed 
absorbances for PbS-II at 750 nm were found to decrease with increasing applied 
positive potential linearly to -0.6 V, after which they remained unaltered The 
point of inflection, -0.50 ± 0.05 V, may be taken to correspond to the flat-band 
potential, V (h , of the PbS-II nanoparticulate film [85]. Similarly, marked differences 
m capacitance vs. potential and photocurrent curves were observed between PS-I, 
PS-II, and PS-III [85]. Dependence of the absorbance on the applied potential as 
well as the observed photocurrent and voltage-dependent capacitances, reflected a 
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complex interplay between the electron population in the electronic bands, in the 
traps (whose levels correspond to bulk imperfections), and in the available surface 
states, in addition to the ongoing interfacial electrochemical and photoelectro- 
chemical processes. The significance of this work is that it has unambiguously 
demonstrated morphology-dependent spectroelectric, electric, and electrochemical 
properties of PbS nanocrystallites grown under monolayers [85]. 

Metals behave like to semiconductors; in the macroscopic regime their properties 
are size independent, whereas in the nanodomains there is a recognized transition 
from nonmetallic to metallic behavior [183]. The situation for magnetic, let alone 
ferroelectric and piezoelectric, materials is more complex and as yet incompletely 
understood. Such questions as (i) what is the size of the smallest single-domain 
magnetic (or ferroelectric) particle?, and (ii) what are the properties of size-quantized 
and dimensionally reduced magnetic (or ferroelectric) particles? have not been 
adequately answered either theoretically or experimentally. 



18.4 Current Trends and Future Directions 



An attempt has been made to select contributions in the present book that represent 
the current trends and future directions in the preparation, characterization, and 
utilization of nanoparticles and nanostructured films. 

Chemists have risen rather successfully to the challenge of making nanoparticles, 
as evidenced in the present chapter. It is well within their means to prepare dis- 
persions of any desired simple or complex nanoparticles in a high degree of mono- 
dispersity. Furthermore, it is often possible to isolate the nanoparticles as solid 
powders and redisperse them without affecting their sizes and size distributions. 
Most of these preparations are based on well-established colloid chemical processes. 
The use of such relatively simple and flexible templates as monolayers (Chapter 2), 
reversed micelles (Chapter 4) and polymers (Chapter 7) are also based on colloid 
and surface chemical principles. Similarly, determinations of adsorption isotherms 
provided [13, 28, 184-189] the information necessary for the characterization of 
nanoreactors that spontaneously form upon the selective adsorption of a polar 
liquid onto a solid surface from binary polar-apolar mixtures. Generation of size- 
quantized semiconductor nanoparticles at dispersed organoclay complexes [13] and 
layered silicates [28] illustrates the use of the nanophase reactors provided by 
adsorbed binary liquids. The binary liquid pairs ethanol(l)-cyclohexane(2) and 
methanol(l)-cyclohexane(2) are highly suitable since the polar component of the 
liquid mixture (1) is preferentially adsorbed at the solid interface, and hence its mole 
fraction in the bulk {x\) is negligible (i.e. x\ » x\ and x\ « x 2 ), and since the semi- 
conductor precursors (Cd 2+ and Zn 2+ ) are highly soluble in the liquid which pref- 
erentially adsorbed at the interface (methanol and ethanol), although they are in- 
soluble in the bulk phase (predominantly cyclohexane). These conditions effectively 
limited the nucleation and growth of the semiconductors to the nanophase reactor 
provided by the adsorption layer at the solid interface. By varying the mole fraction 
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of the polar liquid (1) it is possible to control the volume of the nanophase reactor 
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In spite of the extremely rapid progress in nanoparticles research, exploitation of 
the results to practical functioning economic devices has been disappointingly slow. 
We are confident that we shall witness a rapid progress in this direction in the very 
near future. The key lies, we believe, in using nanoparticles as molecules and con- 
structing, or preferentially self-assembling, functional three-dimensional networks 
with a desired composition and topology. 
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